Abstract: With Taiwan's steep terrain and fracture geology, natural disasters are likely to occur after heavy rainfall. To reduce the effects of upstream sediment on human surroundings, check dams are an essential transverse structure for streams in watersheds. However, there is likely to be a detrimental visual impact on the landscape without consideration of the integration of dams with the environment. Based on previous studies of landscape assessment, this paper considers the factors of texture, color, and form, often used as part of expert paradigms, as the major aesthetic aspects of check dams. These factors are used to construct an expert questionnaire using the Delphi Method and Analytic Hierarchy Process (AHP). The preliminary criteria and weights for Scenic Beauty Assessment of check dams are determined based on the results of AHP. A Fuzzy Logical System is further applied to solve the linguistic fuzziness of landscape assessment so as to establish a complete expert scenic beauty assessment model. Five cases are further tested for comparison with 224 public samples with Scenic Beauty Estimation (SBE). Results demonstrate that the model presents the validity of expert paradigm and the reliability of the psychophysical paradigm. These results can provide a reference for engineering designers seeking to integrate check dams with the natural landscape. The results indicate that the present method can efficiently assess the scenic beauty of check dams as established by a scientific method.
Introduction
There is a broad spectrum of resources in Taiwan's forests. The managerial strategies for the upper streams of watersheds often focus on the protection of forests and water sources. Despite this, the high mountains with steep slopes, fragile geology, and frequent occurrence of typhoons and earthquakes have frequently resulted in natural disasters. In order to protect the forests as well as people's lives and property along the downstream areas, it is necessary to establish check dams. Taiwan's Technical Manual for Soil and Water Conservation [1] defines check dams as having a transverse structure, higher than 5 m, for damming river sediments in the river, regulating sediment deposits, stabilizing the river bed and stream banks, preventing erosion and washout, and restraining mudslides. Concrete gravity dams or semi-gravity reinforced concrete dams were previously the most common types of check dams in Taiwan's mountain areas. For environmental and ecological demands, however, permeable gabion dams or slit dams and steel dams for specific demands have been applied in recent years. However, the design for the forest protection and hazard, in many cases, was not able to integrate with the natural environment, leading to harmful consequences for the visual landscape.
The term "landscape" covers a broad range of meanings. It originally referred to agricultural countryside scenery, and then changed to natural field or hill scenery. The German term landschaft is used to describe the beauty and spatial characteristics of all visual entities within environments, generally covering the natural ecology, humanities, and aesthetics. In previous research on stream ecology and the visual assessment of rivers [2] [3] [4] , however, very few studies have discussed the influence of artificial structures on landscape aesthetics, and the studies discussing it have focused on the surrounding natural landscape [5] [6] [7] [8] .
To implement the environmental management and understand the characteristics of natural landscapes, various theories for landscape assessment have been developed [9, 10] . Landscape assessment generally refers to the assessment of the visual quality of an environment through visual perception. The visual quality can be considered from an aesthetic standpoint, aiming to understand the function and value of a landscape for the purposes of regional development or conservation. Zube et al. [11] classified general landscape assessments into an expert paradigm, psychophysical paradigm, cognitive paradigm, and experiential paradigm. However, there are few scientific studies on landscape design related to the divergence between expert paradigms and non-expert paradigms for landscape assessments. García et al. [12] proposed that the visual aesthetics of any object could be defined by its color, form, line, and texture. These characteristics were simplified into color, form, and texture by Chen & Lin [13] to establish operational principles for the aesthetic design of check dams, referring to Clark & Pause's 11 analytical methods of formative ideas [14] . Subsequently, Shih's color system was used to evaluate natural environments [15] , as were the object characteristics of texture regularity, density, and grain size in García et al. [12] .
Based on this literature review and the aesthetic principles of check dams (texture, color, and form) proposed by Chen & Lin [13] , it is assumed that the engineering structure should be integrated with the environment as part of the basic requirements for aesthetic design in order to discuss the integration design for dam body and forest background. By establishing a fuzzy logical system along with questionnaires to modify the aesthetic design principles of check dams, several cases were examined and compared with 224 public samples through the Scenic Beauty Estimation Method (SBE) [16] . SBE is a psycho-physical method developed by Daniel & Boster [17] . Within a limited period of time, subjects were asked to view a continuous series of slides and then rate their preference, scored from 0 to 9, where "0" indicated least preferred and "9" indicated most preferred [18, 19] . The results of the present study are intended to provide a design reference for relevant personnel in the future.
Research Method

Analytic Hierarchy Process
The Analytic Hierarchy Process (AHP), proposed by Thomas Saaty, has become a common decision-making tool for various applications [20] [21] [22] [23] [24] [25] [26] . Its use is divided into the establishment of hierarchy and the assessment of hierarchy. With AHP, the elements of complex problems are assessed by experts and then presented through simple hierarchical structures, which are further evaluated with scales for subsequent paired comparison and matrix establishment. Eigenvectors are then used to compare the priority of elements in hierarchies. Finally, the consistency of the paired-comparison matrix is tested for reference. According to the paired comparison used to establish the matrix A, a ij is the compared value between i and j, while the diagonal shows the self-comparison of elements that have 
When the paired-comparison matrix is established, the eigen vector and the maximum eigen value are calculated to establish the weight. Saaty proposed the following approximate steps for acquiring the eigenvector: (1) average of normalized columns; (2) normalization of row average; then (3) normalization of the column reciprocal average; and (4) normalization of the geometric mean of the rows [22, 23] . Based on the characteristics of MatLAB suitable for the computation of vector matrices, window-interfaced programming codes are self-developed for this study. These utilize the functions built into MatLAB for directly calculating the eigenvalues and eigenvectors as well as selecting the maximum eigenvalue and the corresponding eigenvector as the weight. Having calculated the vector, a consistency test is applied, including the calculation of consistency index (C.I.) and consistency ratio (C.R.):
where λ max is the maximum eigenvalue; n is the matrix rank; and R.I. is the random index, which is the randomly generated consistency index of the matrix and is related to the rank of matrix, as Saaty suggested in Table 1 [22] . Saaty considered that the comparison was randomly generated as C.R. approached 1, and that greater consistency appeared as C.R. approached 0. Generally, C.R. ď 0.1 is acceptable. The weight of the overall hierarchy can be further calculated and tested for consistency after acquiring the relative weight between elements. The current study is based on previous studies [13, 27, 28] that used the Scenic Beauty Assessment (SBA) criteria to evaluate check dams with expert questionnaires, and the hierarchy of the evaluated factors is depicted in Figure 1 . Implementation of the expert questionnaire is divided into Phase 1, for clarifying the importance of factors with the Delphi Method used to collect the opinions for the reference in the next step; and Phase 2, for evaluating the relative importance of the assessment items in order to determine the hierarchical matrix in AHP. MatLAB programming language is utilized for self-developing a Windows-interfaced program to calculate the eigenvalues, eigenvectors, C.I., and C.R. of the paired-comparison matrix as well as to directly calculate the weights between factors. 
Fuzzy Logical System
Traditional Boolean logic has obvious limits. For example, a grade over 60 points might be needed to pass a course, which would be failed with less than 60, even though there is actually not a large difference between 61 and 59. In such a case, experts would generally apply common sense and use ambiguous language for solving problems. To overcome these limits, fuzzy control has two main advantages: (1) not requiring accurate mathematical models; and (2) being able to combine expert knowledge with the fuzzy system designed on computers [29] [30] [31] [32] . When applying fuzzy control, the system is described with fuzzy rules, which use linguistic fuzzy information, rather than mathematical equations. As a result, expert knowledge could be transformed into fuzzy control rules to reduce the design complexity of expert assessment system. In this study, the expert questionnaires organized using AHP are utilized for establishing the fuzzy rules, and the Fuzzy Logical Toolbox in MatLAB is applied to establish the logical system.
Based on previous studies [27, 28, 33, 34] and the results of our Expert Questionnaire Survey, the Scenic Beauty Assessment criteria for check dams and the fuzzy logic rules were determined. In addition, the Fuzzy Logical Toolbox [35] in MatLAB was used to establish a Fuzzy Logical System for Scenic Beauty Assessment (see Figure 2 ). Based on the research results of Chen & Lin [13] , the Scenic Beauty Assessment criteria are established. These include an assessment range for the Fuzzy Logical System, including poor, good, and excellent, which is based on the weights of texture, color, and form. The values of very poor, poor, medium, good, and very good are the resulting Scenic Beauty Assessment (0-100). The fuzzy set of texture, color, form, and Scenic Beauty Assessment is shown in Figure 3 , where the assessment range and the weights are further regulated based on results from the Experts Questionnaire Survey [28] . Detailed illustrations are described in the next section. 
Based on previous studies [27, 28, 33, 34] and the results of our Expert Questionnaire Survey, the Scenic Beauty Assessment criteria for check dams and the fuzzy logic rules were determined. In addition, the Fuzzy Logical Toolbox [35] in MatLAB was used to establish a Fuzzy Logical System for Scenic Beauty Assessment (see Figure 2) . Based on the research results of Chen & Lin [13] , the Scenic Beauty Assessment criteria are established. These include an assessment range for the Fuzzy Logical System, including poor, good, and excellent, which is based on the weights of texture, color, and form. The values of very poor, poor, medium, good, and very good are the resulting Scenic Beauty Assessment (0-100). The fuzzy set of texture, color, form, and Scenic Beauty Assessment is shown in Figure 3 , where the assessment range and the weights are further regulated based on results from the Experts Questionnaire Survey [28] . Detailed illustrations are described in the next section. The fuzzy rules are further established. Since this study involves the application of three inputs and one output, it is convenient to present the fuzzy rules with a K N M × × matrix for such a three-to-one system [30] . Assuming that form receives the highest weight, form is first taken into account for the following rules.
If (form is excellent) then (Scenic Beauty Assessment is good) If (form is good) then (Scenic Beauty Assessment is medium) If (form is poor) then (Scenic Beauty Assessment is poor)
A 3 × 3 FAM (Fuzzy Association Memory) could be used for the remaining rules, as shown in Figure 4a , where nine rules are acquired, from a total of 12 rules that form Rule Base 1. A cubic (3 × 3 × 3) FAM could be deducted for 27 rules that describe the complexity of all variables in the expert system, as shown in Figure 4b . Rule Base 2 is further established. This completes the fuzzy rules for the Fuzzy Logical System.
After confirming the fuzzy rules for the expert system, the Fuzzy Logical Toolbox in MatLAB can be applied to determine the relationship between texture, color, form and Scenic Beauty Assessment ( Figure 5 ). When an assessment is required, the assessment scores for texture, color, and form can be input into the expert system to obtain the results. The fuzzy rules are further established. Since this study involves the application of three inputs and one output, it is convenient to present the fuzzy rules with a MˆNˆK matrix for such a three-to-one system [30] . Assuming that form receives the highest weight, form is first taken into account for the following rules. A 3ˆ3 FAM (Fuzzy Association Memory) could be used for the remaining rules, as shown in Figure 4a , where nine rules are acquired, from a total of 12 rules that form Rule Base 1. A cubic (3ˆ3ˆ3) FAM could be deducted for 27 rules that describe the complexity of all variables in the expert system, as shown in Figure 4b . Rule Base 2 is further established. This completes the fuzzy rules for the Fuzzy Logical System.
After confirming the fuzzy rules for the expert system, the Fuzzy Logical Toolbox in MatLAB can be applied to determine the relationship between texture, color, form and Scenic Beauty Assessment ( Figure 5 ). When an assessment is required, the assessment scores for texture, color, and form can be input into the expert system to obtain the results. Referring to the items in Figure 1 , the assessment reference is drawn as shown in Table 2 , which could be used for the assessment when applying this expert system. The Scenic Beauty Assessment is calculated with the fuzzy rules from the previous fuzzy expert theory, rather than directly adding the scores for texture, color, and form. In Fuzzy Theory, there is a fuzzy space between assessment levels, so the evaluator could provide a general score by referring to the table, which is further regulated by the expert system, without concern for errors. Referring to the items in Figure 1 , the assessment reference is drawn as shown in Table 2 , which could be used for the assessment when applying this expert system. The Scenic Beauty Assessment is calculated with the fuzzy rules from the previous fuzzy expert theory, rather than directly adding the scores for texture, color, and form. In Fuzzy Theory, there is a fuzzy space between assessment levels, so the evaluator could provide a general score by referring to the table, which is further regulated by the expert system, without concern for errors. C5. Relationship between circulation and used space: The visual perception depends on the relationship between the circulation of people and cars and the dam site, the used space on both banks.
People and car circulation allowing close view of the dam, and the used space on both banks designed water-friendly facilities or landscape (3 points) People and car circulation not allowing close view of the dam, but the used space on both banks designed water-friendly facilities or landscape; or people and car circulation allowing close view of the dam, but the used space on both banks not being designed water-friendly facilities or landscape (2 points) People and car circulation not allowing close view of the dam, and no design of water-friendly facilities or landscape for the used space on both banks (1 point)
Results and Discussion
Expert Questionnaire Survey
This questionnaire survey is divided into two phases, aiming to clarify the relationship between factors for Scenic Beauty Assessment of check dams. The expert questionnaire in the first phase is intended to ensure the priority of factors in this study for the Scenic Beauty Assessment of check dams. Ten levels are classified for the assessment, and a higher score indicates higher importance. A total of 11 expert questionnaires were retrieved and organized in this study. Each of the surveyed individuals had more than 10 years' experience, covering the professional backgrounds of civil and hydraulic engineering, landscape architecture, architectural design, urban planning, community empowerment, soil and water conservation, and environmental management.
The first phase is intended to understand the importance and priority of all factors, which have been assessed by the experts, and the arithmetic mean is presented for reference in the second phase in order to restrain the experts' opinions. The assessment results in the first phase can be a reference in the second phase. Having integrated the Experts Questionnaire Survey in the first phase (Table 3) , this can become the criteria for the second phase, where the experts compare the importance of paired factors for the matrices in hierarchies. Meanwhile, the fuzzy sets of texture, color, and form are also determined according to these results.
These matrices are further used for calculating the relative weights, and here use the relative weights of the assessment items in Hierarchy II, Figure 1 , shown in Table 4 as an example. The relative weights of the assessment items in Hierarchy II are multiplied by the relative weights of the factors in Hierarchy III for the final weights of factors, which are shown in Table 5 . It is clear that the "A1. Feature" has the highest weight for texture, "B1. Hue" has the highest weight in color, and "C4. Integration of dam and natural skyline" has the highest weight in form. In this case, the major items for Scenic Beauty Assessment of check dams could be selected by the weights through the Analytic Hierarchy Process of expert questionnaires. Moreover, the upper and lower limits of the average factor importance can be the reference of rules for the Fuzzy Logical System in Figure 4 .
The preceding develops the reference for establishing the fuzzy sets by Tables 3-5 . For example, form has the highest weight, 46%, among the three factors. The minimum, the most probable, and the maximum acceptable values of importance for these factors are 4.8, 8, and 9, respectively. These values were rearranged from maximum value 10 to 46, and the values 4.8, 8, and 9 were changed into 22.08, 36.8, and 41.4. Then the average 29.44 of 22.08 and 36.8 is taken as the upper limit of "poor" in Figure 3c . Similarly, the lower limit of "excellent" is the average, 39.1, of 36.8 and 41.4. The other turning points are 22.08, 36.8, and 41.4, respectively. Other fuzzy sets, such as texture and color, were also developed according to this method, except for the fuzzy set of Scenic Beauty Assessment, which was divided through equalization. 
Scenic Beauty Assessment for Check Dams with Expert System
Referring to the results of the Expert Questionnaire Survey, the assessment criteria are drawn according to Table 2 , and five cases are tested by the Fuzzy Logical System ( Figure 6 and Table 6 ). We here present the example of Case 1 (Huashan Village in Kukeng Township, Yunlin County, Taiwan). (1) Texture: The form of the surface materials for this dam is overly artificial in the Texture Feature; the dam body does not match the background in Density; and the composition units for the dam are too large, which disrupts continuity with the background in Regularity; (2) Color: Hue is the major consideration and the dam is gray; (3) Form: the tangent line of the dam is consistent with the tangent line of the skyline for the integration of dam and natural skyline; the dam uses little vegetation for coverage in vegetation, resulting in poorer visual perception; and the dam can be closely viewed but no water-friendly facility has been included for the relationship between circulation and used space. The assessment criteria for Cases 2-5 are similar. The assessment of this expert system presents results similar to those from SBE [16] , which are shown in the last row of Table 6 . The results of subjects' ratings in SBE were transferred through the RMRATE computer program [18, 19] . The rating score of SBE was the result of normalization, so preferred assessment is indicated by positive values and poor assessment is indicated by negative values.
expert system presents results similar to those from SBE [16] , which are shown in the last row of Table 6 . The results of subjects' ratings in SBE were transferred through the RMRATE computer program [18, 19] . The rating score of SBE was the result of normalization, so preferred assessment is indicated Scenic Beauty Assessment in this study is calculated by the previous fuzzy rules based on Fuzzy Logical theories, rather than directly adding the scores for texture, color, and form. In Fuzzy Theory, a fuzzy space is left between levels so that the evaluator could give a general evaluation by referring to the table, which is further regulated by the expert system, without concern for errors. For instance, 27.5 points for texture, 18.67 points for color, and 36.8 points for form for Case 2 are input into the expert system (Figure 7 ) so that the system can calculate the Scenic Beauty Assessment value (71.7) with the fuzzy algorithm, and the calculated result of each rule is shown. Finally, the results of all rules are organized into a chart (the chart in the last row of column 4 in Figure 7) , where the mean (rough line) shows the corresponding assessment as "good".
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Conclusions
This study mainly refers to previously established aesthetic principles for check dam design and acquires the weights of evaluation factors by analyzing expert questionnaires from various fields. The representative assessment items are selected in order to establish a scientific and objective model for the Scenic Beauty Assessment of check dams. Of the three major factors, texture, color, and form, form is the most important in the AHP analysis. Although "integration of dam and natural skyline" in form has the highest weight (12.96%), the weight (11.42%) of the factor The assessments of SBE and Scenic Beauty Assessment (SBA) presented in this study show a similar trend. The results indicate that higher scores for landscape evaluation generally include less structure and more harmony with the environment. This is also in line with the general aesthetic principle that the structure should be integrated with the environment [13] . Furthermore, water features can also enhance the overall landscape beauty [36, 37] . Although there is no special description for water features in Table 2 , the characteristics can be included within the item of "color." At present, the method proposed in this study should be suitable for landscape assessment.
For future applications, this model can be easily operated if the evaluation is preceded by pictures and questionnaires. This saves time for field investigation since it is convenient and fast. It is also reliable and valid, and few experts are required, so it is more suitable for planning and design than the present landscape aesthetic models. In addition, 3D simulation or visual reality could be applied with questionnaires during the planning and design stages to evaluate the impact of check dams on the environmental landscape. The drawbacks reveal that the picture-based aesthetic assessment was not able to completely represent the landscape aesthetic perception that was actually experienced, and the weights set by the experts are questioned. It is suggested that experts from different fields could be invited to modify the weights in order to reduce subjective judgments.
This study mainly refers to previously established aesthetic principles for check dam design and acquires the weights of evaluation factors by analyzing expert questionnaires from various fields. The representative assessment items are selected in order to establish a scientific and objective model for the Scenic Beauty Assessment of check dams. Of the three major factors, texture, color, and form, form is the most important in the AHP analysis. Although "integration of dam and natural skyline" in form has the highest weight (12.96%), the weight (11.42%) of the factor "vegetation reducing visual perception" is very close. These two factors become the main components of form. The fuzzy logical rules and sets can be established based on these results. In this study, five cases are applied using a Fuzzy Logical System for Scenic Beauty Assessment of check dams. The test results indicate that the approach is feasible and the expert system could be implemented. The evaluation results show a trend similar to the results of 224 public samples with SBE. This indicated that the assessment results of experts from more fields might be closer to the public preference. This result can provide an additional consideration to assist designers in integrating check dams with their surroundings.
